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(57) Abstract 

A catheter apparatus filled with a radiation carrier material such as an inert radioactive gas for the treatment of restenosis after 
angioplasty, and malignancies. The inflated catheter includes a plurality of discrete chambers for transporting the radioactive carrier 
material, arid a plurality of discrete chambers enabling substantial blood flow through the artery during treatment with the prescribed 
radiation. The inflated catheter may also comprise one unit balloon. A specific metal coating enhances the radiation dose delivered to the 
target. The wall of the lumen attenuates transmission dose to the blood circulating through the hollow inner lumen of the catheter device. 
The system also creates increased by-product radiation, from the impact of beta particiies and gamma protons traveling toward the lumen 
wall. In addition, two opposing balloons whereby gas-tight redirection of radioactive gas flow from one balloon to the other, enabling one 
balloon to be inflated and delivered treatment dose, while the opposing balloon is deflated. 
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AMENDED CLAIMS 
[received by the Internaiional Bureau on 28 Ociober 1997 (28. 10.97); 
original claim 1 amended; new claims 20-57 added; remaining claims unchanged (9 pages)] 

1 . Catheter apparatus for irradiating internal tissue of a patient, 
wherein the catheter apparatus comprises means for connection to a supply of 
radioactive fluid; wherein the catheter is capable of being inserted either into, or 
adjacent to, the said tissue; and wherein the catheter apparatus comprises a 
tissue compliant balloon section, at least part thereof being inflatable by the 
radioactive fluid in order to correctly locate the radioactive fluid relative to the said 
tissue and to deliver a homogeneous radiation dose and/or homogeneous radiation 
dose rate. 

2. Catheter apparatus according to claim 1 , wherein the balloon 
section comprises either a single balloon or a plurality of balloons, each being 
inflatable at the outer periphery of the catheter, each balloon being connectable to 
and inflatable by the radioactive fluid. 

3. Catheter apparatus according to claim 2, wherein each of the said 
plurality of balloons is arranged either around a respective peripheral part of the 
catheter, or along a respective longitudinal part of the catheter. 

4. Catheter apparatus according to claim 2 or 3, wherein the catheter 
is designed for location within a body passageway, and wherein each balloon is 
inflatable so as to contact the wall of the passageway. 

5. Catheter apparatus according to claim 4, wherein each balloon has 
an inner surface and an outer surface, and wherein the outer surface of each 
balloon enables optimal penetration of the said tissue by radiation. 
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6. Catheter apparatus according to claim 5, wherein the inner surface 
of each balloon increases the attenuation of the radiation penetrating by body fluid 
(for example blood) in the said passageway. 

7. Catheter apparatus according to any one preceding claim, wherein 
the catheter balloon section is designed for post-angioplasty or other 
recannulation procedures for minimizing restenosis, or for treating malignant 
diseases or benign hyperproliferative type diseases. 

8. Catheter apparatus according to any one of claims 1 to 6, wherein 
the catheter is designed for the treatment or prevention of restenosis. 

9. Catheter apparatus according to any one preceding claim, wherein 
the radioactive fluid is a krypton, neon, radon, or xenon gas or an isotope thereof. 

10. Catheter apparatus according to any one of claims 1 to 8, wherein 
the radioactive fluid is liquid or a gel compound of phosphorous, rhenium, 
osmium, vanidum, ruthenium, bismuth, yttrium, technetium, iodine, gallium, 
chromium, strontium, thallium, samarium, ytterbium, palladium, or an isotope, 
compounding or binding solution thereof. 

1 1 . Catheter apparatus according to any one preceding claim, wherein 
the radioactive fluid is designed to emit beta and/or gamma particles. 

1 2. Catheter apparatus according to any one of claims 6 to 9, wherein 
the inner surface of each balloon is either of thicker cross-section or of increased 
attenuation material or both, 

1 3. Catheter apparatus according to any one preceding claim, wherein 
the catheter further comprises a movable shield designed to protect body parts 
adjacent to the said tissue. 
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14. Catheter apparatus according to any one preceding claim, wherein 
the catheter has a catheter wall which includes a metallic based material. 

1 5. Catheter apparatus according to claim 14, wherein the metal 
material is a specific layer of a heavy transitional metal, or is metal selected from 
titanium, germanium, tungsten, aluminum, a titanium alloy, a germanium alloy, a 
tungsten alloy, and an aluminum alloy. 

16. Catheter apparatus according to claim 14 or 15, wherein the 
balloon section comprises one part to be inflated whilst another part is to be 
simultaneously deflated. 

17. A catheter apparatus according to any one preceding claim, 
wherein the fluid, preferably, injected radio- or non-radio gas{es) and/or liquid(s), 
are induced in the balloon to undergo electron stimulation, whereby by-product 
fluorescent, phosphorescent, and/or luminescent radiant energy for therapeutic 
purposes can be produced. 

18. A catheter apparatus according to any one preceding claim, 
wherein the catheter system has an injection and/or directional entry port which 
minimizes risk of gas leakage and allows for directional control of fluid, 

19. A catheter apparatus according to any one preceding claim, 
wherein the catheter system includes means for electrical conductance or 
potential to be applied to an inflated balloon. 

20. Catheter apparatus for at least partial insertion within a 
passageway of internal tissue of a patient, said passageway being for the purpose 
of permitting a bodily fluid to flow therethrough, said apparatus comprising a 
balloon section, at least part thereof being inflatable by radioactive fluid in order 
to correctly direct radiation towards at least one part of the said passageway, and 
means (1 2) for supplying the radioactive fluid to the balloon section, wherein the 
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balloon section is formed in such a way that when inflatedr to at least one inflated 
condition, the body fluid is able to flow past the inflated balloon section. 

21 . Catheter apparatus according to claim 20, wherein the balloon 
section comprises either a single balloon or a plurality of balloons, each being 
inflatable at the outer periphery of the catheter, each balloon being connectabie to 
and inflatable by the radioactive fluid. 

22. Catheter apparatus according to claim 21 , wherein each of the said 
plurality of balloons is arranged either around a respective peripheral part of the 
catheter, or along a respective longitudinal part of the catheter. 

23. Catheter apparatus according to claim 21 or 22, wherein each 
balloon is inflatable so as to contact the wall of the passageway. 

24. Catheter apparatus according to claim 23, wherein each balloon 
has an inner surface and an outer surface, and wherein the outer surface of each 
balloon enables optimal penetration of the said tissue by radiation. 

25. Catheter apparatus according to claim 24, wherein the inner 
surface of each balloon increases the attenuation of the radiation penetrating by 
body fluid (for example blood) in the said passageway. 

26. Catheter apparatus according to any one of claims 20 to 25, 
wherein the catheter balloon section is designed for post-angioplasty or other 
recannulation procedures for minimizing restenosis, or for treating malignant 
diseases or benign hyper proliferative type diseases. 

27. Catheter apparatus according to any one of claims 20 to 25, 
wherein the catheter is designed for the treatment or prevention of restenosis. 
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28. Catheter apparatus according to any one of claims 20 to 27, 
wherein the radioactive fluid is a krypton, neon, radon, or xenon gas or an isotope 
thereof. 

29. Catheter apparatus according to any one of claims 20 to 27, 
wherein the radioactive fluid is liquid or a gel compound of phosphorous, rhenium, 
osmium, vanidum, ruthenium, bismuth, yttrium, technetium, iodine, gallium, 
chromium, strontium, thallium, samarium, ytterbium, palladium, or an isotope, 
compounding or binding solution thereof. 

30. Catheter apparatus according to any one of claims 20 to 29, 
wherein the radioactive fluid is designed to emit beta and/or gamma particles. 

31 . Catheter apparatus according to any one of claims 25 to 28, 
wherein the inner surface of each balloon is either of thicker cross-section or of 
increased attenuation material or both. 

32. Catheter apparatus according to any one of claims 20 to 31 , 
wherein the catheter further comprises a movable shield designed to protect body 
parts adjacent to the said tissue. 

33. Catheter apparatus according to any one of claims 20 to 32, 
wherein the catheter has a catheter wall which includes a metallic based material. 

34. Catheter apparatus according to claim 33, wherein the metal 
material is a specific layer of a heavy transitional metal, or is metal selected from 
titanium, germanium, tungsten, aluminum, a titanium alloy, a germanium alloy, a 
tungsten alloy, and an aluminum alloy. 

35. Catheter apparatus according to claim 33 or 34, wherein the 
balloon section comprises one part to be inflated whilst another part is to be 
simultaneously deflated- 
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36. A catheter apparatus according to any one of claims 20 to 35, 
wherein the fluid, preferably, injected radio- or non-radio gas(es) and/or liquid(s), 
are induced in the balloon to undergo electron stimulation, whereby by-product 
fluorescent, phosphorescent, and/or luminescent radiant energy for therapeutic 
purposes can be produced. 

37. A catheter apparatus according to any one of claims 20 to 36, 
wherein the catheter system has an injection and/or directional entry port which 
minimizes risk of gas leakage and allows for directional control of fluid. 

38. A catheter apparatus according to any one of claims 20 to 37, 
wherein the catheter system includes means for electrical conductance or 
potential to be applied to an inflated balloon. 

39. A catheter apparatus according to any one of claims 20 to 38, 
wherein said catheter apparatus further comprises radiation protection means (25) 
for protecting from irradiation body fluid flowing adjacent to that part of the 
balloon section remote from the said passageway. 

40. Catheter apparatus for at least partial insertion within a 
passageway of internal tissue of a patient, said passageway being for the purpose 
of permitting a body fluid to flow therethrough, said apparatus comprising a 
balloon section, means for supplying radioactive fluid to the balloon section in 
order to inflate the latter or at least part thereof, and to thereby correctly direct 
radiation to at least one part of the passageway, and radiation protection means 
(25) for protecting from irradiation body fluid flowing adjacent to that part of the 
balloon section remote from the said passageway. 

41 . Catheter apparatus according to claim 40, wherein the balloon 
section comprises either a single balloon or a plurality of balloons, each being 
inflatable at the outer periphery of the catheter, each balloon being connectable to 
and inflatable by the radioactive fluid. 
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42. Catheter apparatus according to claim 41 , wherein each of the said 
plurality of balloons is arranged either around a respective peripheral part of the 
catheter, or along a respective longitudinal part of the catheter. 

43. Catheter apparatus according to claim 41 or 42, wherein each 
balloon is inflatable so as to contact the wall of the passageway. 

44. Catheter apparatus according to claim 43, wherein each balloon 
has an inner surface and an outer surface, and wherein the outer surface of each 
balloon enables optimal penetration of the said tissue by radiation. 

45. Catheter apparatus according to claim 44, wherein the inner 
surface of each balloon increases the attenuation of the radiation penetrating by 
body fluid (for example blood) in the said passageway. 

46. Catheter apparatus according to any one of claims 40 to 45, 
wherein the catheter balloon section is designed for post-angioplasty or other 
recannutation procedures for minimizing restenosis, or for treating malignant 
diseases or benign hyperproliferative type diseases. 

47. Catheter apparatus according to any one of claims 40 to 45, 
wherein the catheter is designed for the treatment or prevention of restenosis. 

48. Catheter apparatus according to any one of claims 40 to 47, 
wherein the radioactive fluid is a krypton, neon, radon, or xenon gas or an isotope 
thereof. 

49. Catheter apparatus according to any one of claims 40 to 47, 
wherein the radioactive fluid is liquid or a gel compound of phosphorous, rhenium, 
osmium, vanidum, ruthenium, bismuth, yttrium, technetium, iodine, gallium, 
chromium, strontium, thallium, samarium, ytterbium, palladium, or an isotope, 
compounding or binding solution thereof. 
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50. Catheter apparatus according to any one of claims 40 to 49, 
wherein the radioactive fluid is designed to emit beta and/or gamma particles. 

51 . Catheter apparatus according to any one of claims 45 to 48, 
wherein the inner surface of each balloon is either of thicker cross-section or of 
increased attenuation material or both. 

52. Catheter apparatus according to any one of claims 40 to 51 , 
wherein the catheter further comprises a movable shield designed to protect body 
parts adjacent to the said tissue. 

53. Catheter apparatus according to any one of claims 40 to 52, 
wherein the catheter has a catheter wall which includes a metallic based material. 

54. Catheter apparatus according to claim 53, wherein the metal 
material is a specific layer of a heavy transitional metal, or is metal selected from 
titanium, germanium, tungsten, aluminum, a titanium alloy, a germanium alloy, a 
tungsten alloy, and an aluminum alloy. 

55. Catheter apparatus according to claim 53 or 54, wherein the 
balloon section comprises one part to be inflated whilst another part is to be 
simultaneously deflated. 

56. A catheter apparatus according to any one of claims 40 to 55, 
wherein the fluid, preferably, injected radio- or non-radio gas(es) and/or liquid(s), 
are induced in the balloon to undergo electron stimulation, whereby by-product 
fluorescent, phosphorescent, and/or luminescent radiant energy for therapeutic 
purposes can be produced. 

57. A catheter apparatus according to any one of claims 40 to 56, 
wherein the catheter system has an injection and/or directional entry port which 
minimizes risk of gas leakage and allows for directional control of fluid. 
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58. A catheter apparatus according to any one of claims 40 to 57, 
wherein the catheter system includes means for electrical conductance or 
potential to be applied to an inflated balloon. 

59. A catheter apparatus according to any one of claims 40 to 58, 
wherein the balloon section is formed in such a way that when inflated, to at least 
one inflated condition, the body fluid is able to flow past the inflated balloon 
section. 



